Nitrous oxide depresses spinal F waves in rats.
Evoked, recurrent electromyographic activity (F waves) reflect alpha-motor neuron excitability. Based on observations that other inhaled anesthetics do so, we hypothesized that nitrous oxide, alone or in combination with isoflurane, would depress F-wave activity and correlate with depression of movement response to tail clamp or electric stimulation. In study 1, the authors examined the effect of nitrous oxide in combination with isoflurane in 13 normocapnic Sprague-Dawley rats anesthetized with 1.0% isoflurane (0.7 minimum alveolar concentration) in oxygen. The tibial nerve was stimulated at the popliteal fossa, and evoked electromyographic activity [M (direct neuromuscular junctional response) and F waves] were recorded from ipsilateral foot muscles. The effect of the addition of 30% or 70% nitrous oxide was measured. F-wave amplitude/M-wave amplitude ratio (F/M) was determined from each stimulus-electromyographic response pair. F/M vs. movement response to 60-s tail clamp was assessed after each recording session. F-wave amplitude/M-wave amplitude ratio at adjacent doses that permitted and prevented movement were compared. In study 2, the authors examined the effect of (hyperbaric) nitrous oxide as the sole anesthetic agent on F waves. In 11 rats anesthetized with isoflurane, stimulation and recording electrodes were placed as described above, with additional electrodes for stimulation placed in the tail. Rats were placed in a pressure chamber pressurized with nitrous oxide/oxygen to 3.4 atm. Thirty m were allowed for isoflurane washout. Electromyographic activity was evoked and recorded at 1.0, 1.6, 2.2 and 2.7 atm N2O (random order). Movement in response to 60 s of 15 V, 50-Hz tail stimulation was evaluated after each recording session. Nitrous oxide with or without isoflurane produced a dose-dependent decrease in F/M. By interpolation of this data, the authors found that 2 atm N2O alone, or 44% N2O added to 1.0% isoflurane at 1.0 atm, produced 1.0 minimum alveolar concentration anesthesia. At the deepest level of isoflurane/ nitrous oxide that permitted movement, mean F/M was 20.6 +/- 17.5%; at the lowest concentration that blocked movement, rats had a mean F/M of 13.7 +/- 13.9% (P = 0.01). At the minimal hyperbaric nitrous oxide blocking movement, rats had a mean F/M of 3.7 +/- 2.9%, whereas the F/M at the highest nitrous oxide dose that permitted movement was 4.4 +/- 2.7% (P < 0.04). Because nitrous oxide depressed F-wave but not M-wave activity, the data suggest a central (spinal) rather than neuromuscular junctional site of action of this agent. The direct correlation between nitrous oxide dose, F-wave amplitude depression, and surgical immobility suggests the possibility of using F-wave activity to predict the likelihood of anesthetic-induced immobility. However, the mechanism of action of nitrous oxide may differ from that of the potent inhaled agents.